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.(57) Abstract: Lowly hygroscopic anhydrous mirtazapine 
crystals exhibiting a moisture absorption of as low as 0.6 
wt. % or below as stored for 500 hours in the air under 
the conditions of 25 *'C, relative humidity of 75 %, and 
atmospheric pressure; a process for the production thereof; 
crystals of mirtazapine hydrates represented by formula 
(I); and a process for the production thereof (wherein 
n is an integer of 1 to 5). According to the process, 
stable anhydrous mirtazapine crystals little exhibiting 
hygroscopicity can be produced by simple industrial means, 
and the obtained anhydrous mirtazapine crystals are suitably 
usable as antidepressant by virtue of their extremely low hygroscopicity. 
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Detailed Account 
Anhydrous Mirtazapine Crystals and a Method for their Production 
Field of Technology 

This invention related to anhydrous crystalline mirtazapine and a method for its 
production along with crystalline mirtazapine hydrate and a method for its production. In 
particular it relates to anhydrous crystalline mirtazapine, useful as an anti-depressant, and 
to a method for its production, as well as to crystalline mirtazapine hydrate, useful as a 
production intermediate for the said anhydrous crystalline mirtazapine, and a method for 
its production. 

Background Technology 

As a method for raising the purity of mirtazapine, it has been proposed to recrystallise 
mirtazapine from light petroleum (USP 4,062,848 detailed edition). 
However it is a defect of this method that when crude mirtazapine of 95-99% purity is 
used, an oily impurity separates, which interferes with the crystallisation of mirtazapine 
and what is more, to get mirtazapine of high purity to crystallise is a troublesome matter. 
Another defect is that, because these mirtazapine crystals are hygroscopic, they cannot be 
handled or stored under non-dry conditions. 

Consequently the development of efficient and facile methods for the preparation of high 
purity mirtazapine from crude mirtazapine and the development of low hygroscopicity 
crystalline mirtazapine are to be anticipated. 

Taking the above previous technology into account, the present invention has the 
objective of offering the following: 

a method for producing high purity mirtazapine from crude mirtazapine efficiently and 
readily; crystalline mirtazapine of low hygroscopicity and a method for its manufacture; 
crystalline mirtazapine hydrate and a method for its manufacture, as an intermediate in 
the production of the above anhydrous crystalline mirtazapine. 

Presentation of this Invention 

According to this invention the following are presented: 

(1) Anhydrous mirtazapine crystals of low hygroscopicity, absorbing 0.6% or less by 
weight of moisture when kept at 25°C and atmospheric pressure in an atmosphere of 75% 
relative humidity for 500 hours; 

(2) A method for the production of anhydrous mirtazapine crystals which absorb 
0.6% or less by weight of moisture when kept at 25''C and atmospheric pressure in an 
atmosphere of 75% relative humidity for 500 hours, a special feature of which method 
being to dry the crystals of mirtazapine hydrate, along with 



i 



(3) Crystalline mirtazapine hydrate shown in formula (1) (in which n represents an 
integer 1 - 5), and a method for its manufacture. 



Brief Explanation of the Figures 

Fig. 1 shows the IR absorption spectrum of the mirtazapine crystals obtained in 
Implementation Example I of this invention. 

Fig. 2 shows the change with time of the amoimt of water absorbed by crystalline 
anhydrous mirtazapine as obtained in hnplementation Example 7 and in Reference 
Example 3 of this invention. 

Fig. 3 is the X-ray diffraction pattem of crystalline mirtazapine hydrate obtained 
in Implementation Example 8 of this invention. 

Fig. 4 is a molecular structure diagram of crystals of mirtazapine hydrate obtained 
in Implementation Example 8 of this invention. 

Fig. 5 is a crystal structure diagram along the a-axis, of crystals of mirtazapine 
hydrate obtained in Implementation Example 8 of this invention. 

Fig. 6 is a crystal structure diagram along the b-axis, of crystals of mirtazapine 
hydrate obtained in Implementation Example 8 of this invention. 

Fig. 7 is a crystal structure diagram along the c-axis, of crystals of mirtazapine 
hydrate obtained in Implementation Example 8 of this invention. 

Fig. 8 is the X-ray diffraction pattem of anhydrous mirtazapine crystals obtained 
in Implementation Example 10 of this invention. 

Fig. 9 is the photomicrograph of a particle of crushed crystalline anhydrous 
mirtazapine as obtained in Implementation Example 9. 

Fig. 10 is the photomicrograph of a particle of crushed crystalline anhydrous 
mirtazapine as obtained in Implementation Example 9, after drying. 

The Best Form for Implementation of this Invention 

In the detailed text of this invention the word "anhydrous" of "anhydrous 
crystalline mirtazapine" means that the crystals of mirtazapine contain substantially no 
water. More specifically, a water content of anhydrous crystalhne mirtazapine of 0.5% 
by weight or less, and preferably 0.3% or less, is desirable from the standpoint of 
granting sufficiently low hygroscopicity. 

Because the low-hygroscopicity crystalline anhydrous mirtazapine of the present 
invention absorbs 0.6% or less moisture when kept for 500 hours at IS^'C and 75% 
relative humidity at atmospheric pressure, the handling and manufacture of the crystals is 
facilitated and storage stability improved. 
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(patent p, 4) 

Crystalline mirtazapine hydrate can be used as a starting material for crystalline 
anhydrous mirtazapine. 

The object of formula (I) can be cited as representing crystalline mirtazapine hydrate. 



• \ (H2O) ( I ) 

CH3 

(in the formula n represents a n integer from 1-5) 

In the foraiula, it is preferable that n be 2 or 3. Crystalline mirtazapine hemihydrate (with 
n = 2) is desirable as regards crystallinity, facility of handling and storage stability. This 
crystalline mirtazapine hemihydrate has a characteristic diffraction peak in X-ray 
diffraction when the diffraction angle (20) is 9.28, 14.36, 20.46 and 26.92. 

Crystalline mirtazapine hydrate can easily be prepared as below, depending, for 
instance, on the crude mirtazapine used as starting material. Further, crude mirtazapine 
of purity 99% or less, can be made, for example, according to the method described in 
US Patent 4,062,848. 

More specifically, for the crude mirtazapine used in this invention, crude 
mirtazapine (2g) was dissolved in methanol (10 ml), and absorbance at 600 nm as well 
as transmittance at 400 nm measured in a 10 mm quartz cell in a Brand name UV- 
2500PC. Absorbance at 600nm was 0.1 or more and transmittance at 400 nm was 30% or 
less; also when differential colour was measured on a {Brand name Z-300A) differential 
colourimeter, the b-value of 10 or more was significant. 

When crystalline mirtazapine hydrate is to be prepared from crude mirtazapine, 
the latter is first dissolved in a solvent. 

As solvents, the following can be cited, by way of example: methanol, ethanol 
and other lower alcohols; ethers such as dioxan, tetrahydrofuran; ketones such as 
acetone; esters such as ethyl acetate; dimethylformamide, dimethylsulphoxide and the 
like, ^f!^^^M^^M '^^i^M:^^ water- soluble polar organic solvents and mixed 
solvents with water. Among these water-soluble polar solvents the lower alcohols such 
as methanol and ethanol and their mixtures with water are ideally used. Further, it is 
desirable from the stand point of increasing yield and improving purity and hue (to use), 
for 100 parts by weight of these water-soluble polar solvent, 50 - 2000 parts by weight 
water, preferably 80- 1000 parts by weight. 

It is desirable from the stand point of increasing yield and improving purity and 
colour, that the weight of water- soluble polar organic solvent should be, relative to 100 
parts by weight of mirtazapine, 50 - 3000 parts by weight, preferably 50 - 2000 parts by 
weight and most preferably 100 - 1000 parts by weight. 

As to the temperature during dissolution of crude mirtazapine in water- soluble 
polar organic solvents, there are no special limits. However, from the standpoint of 




efficiently removing impvirities by separating them out as insoluble material, 0 - 80°C, 
preferably 0 - 60°C and still more, 0 - 10°C is advisable. 

Furthermore, in case crude mirtazapine has been dissolved at 60 - 80°C in a 
water-soluble polar organic solvent, it is desirable to add water to the resulting solution of 
the crude mirtazapine in the water-soluble polar organic solvent, with a view to 
improving the purity of the mirtazapine hydrate to be obtained. From the standpoint of 
enhancing purity and colour the amount of water relative to 100 parts by weight of water- 
soluble polar organic solvent is desirably 10-100 parts by weight. 

Also, in order to improve the colour, decolourising charcoal can be added to the 
solution of crude mirtazapine as appropriate. For improvement of pxirity and colour, 0.5 
- 10 parts by weight decolourising charcoal is desirably added relative to 100 parts by 
weight of mirtazapine. 

Next, in order to improve the colour, the solution of crude mirtazapine after 
treatment with decolourising charcoal is desirably stirred for 10 - 60 minutes at 0 - TO^'C, 
preferably at 0 - 30°C. 

Then4he4ecolourising charcoal is filtered off, the said charcoal rinsed with 
methanol, ethanol, dioxan, tetrahydrofiiran, acetone, ethyl acetate, dimethylformamide, 
dimethylsulphoxide or other water-soluble polar organic solvent, and desirably cooled to 
0 - 1°C to promote a uniform crystalline form. 

From the standpoint of precipitation, it is next desirable to drop in to the solution 
of mirtazapine thus obtained, an amount of water 100 - 1000 parts by weight per 100 
parts by weight of crude mirtazapine. After this, the solution is cooled to 0 - 5°C, and, 
in order to promote uniform crystalline form, it is permissible to add a seed crystal of 
mirtazapine hydrate to this solution. While the amount of this seed crystal cannot be 
defined, it may be added to the extent of 0.05 - 1 parts by weight per 100 parts by weight 
of crude mirtazapine. 

Further, after dissolution of the mirtazapine, it is desirable, during the 
crystallisation, to operate under an atmosphere of inert gas such as nitrogen, with a view 
to protecting the colour. 

Fiuther, after filtration of the mirtazapine hydrate crystals, they are rinsed, 
according to need, with methanol, ethanol or other water-soluble polar organic solvents, 
^^^^p, or with mixtures of water and the said water-soluble polar organic solvents 
and should next be dried. In this manner crystalline mirtazapine hydrate is obtained. 
The average particle diameter of the obtained mirtazapine hydrate crystals is 60 - 150^m 
but they can be crushed with a hand-mill or other crushing device if necessary. 

Next we will explain the method for the production of anhydrous mirtazapine 
fi*om the above mirtazapine hydrate. 

Anhydrous mirtazapine of low hygroscopicity can readily be prepared from 
crystalline mirtazapine hydrate, crystallised as above from water-containing solvents, by 
drying. Such anhydrous mirtazapine crystals have special X-ray diffraction peaks at 
diffraction angles (29) of 9.14, 9.38,14.16, 18.46, 18.56 and 20.56. 

Further, in order to dry the crystalline mirtazapine hydrate efficiently it is 
desirable to crush the mirtazapine hydrate crystals before drying them. This crushing 
process takes place after the filtration of the product mirtazapine hydrate crystals. 
However in order to render the crushing of crystalline mirtazapine hydrate more efficient, 
it is desirable to subject the said mirtazapine hydrate crystals to preliminary drying. This 



preliminary drying can be carried out by heating mirtazapine hydrate crystals at 40 - 
80°C for 1 - 6 hours. 

The pulverisation can be done in a handmill, cutter mill, atomiser or other 
pulverisation apparatus. After pulverisation, the average particle diameter of the 
mirtazapine hydrate crystals should desirably be 10 - 70^mi, preferably 20 - 60^m. The 
measurement of the average diameter is carried out using a (trade name) SALD 1 100, 
v/ith water as the medium and Triton X - ICQ as dispersant (Rohm and Haas). 

It is desirable to carry out the drying while heating. Then, with a view to 
shortening the drying time and avoiding deterioration of mirtazapine hydrate the heating 
temperature should desirably be 70 - 1 10°C, preferably 85 -1 lO^'C and most favourably 
90-105^C. 

The drying time can be shortened even more by carrying out the drying under 
reduced pressure. With a view to performing the drying in a shorter time, reduced 
pressures of 1.33 - 13300Pa, preferably 10 - 6650Pa and most favourably 100 - 1995Pa, 
attainable without using a powerful vacuum piimp, are desirable. 

Drying of crystalline mirtazapine -hydrate should be continued until the water 
content of the crystalline anhydrous mirtazapine obtained is below 0.5 % by weight, 
preferably below 0.3% by weight, with a view to imparting superior non-hygroscopicity 
on the anhydrous mirtazapine crystals produced. 

Crystalline mirtazapine obtained in this way absorbs less than 0.6% moisture 
when kept at atmospheric pressure in a 75% humidity atmosphere for as much as 500 
hours. This is the manifestation of a particularly strikingly superior property. 

As explained above, according to the production method of this invention, 
anhydrous mirtazapine of low-hygroscopicity can readily be obtained on an industrial 
scale starting with crystalline mirtazapine hydrate. 

Next, this invention is illustrated in detail by Implementation Examples, by 
which, however this invention shall not be limited. 

(orig.patent p.8, comp. doc p. 10) 

Production Example 

Concentrated sulphuric acid (144 g) were introduced into a 300 mL flask, 2-(4- 
methyl-2-phenylpiperazin-l-yl)pyridine-3-methanol (40 g) was added, followed by 
stirring at 30 - 40°C for 8 hours. 

The resulting reaction mixture was added dropwise to a 1 L flask containing water 
(258.8 g) and rinsed in with water (28.8 g). The pH of this reaction mixture was then 
brought to about 1.8 with 25% aqueous sodium hydroxide, decolourised with 
decolourising charcoal (1.9 g), filtered and (the solid) rinsed with water (38 g). 
To the solution after this rinse toluene (60 ml) was added, 25% aqueous sodium 
hydroxide at about 50°C was added bringing the pH to 8.3. After this, this liquid was 
separated into aqueous and organic layers at 75 - 80''C. Heptane (41 g) was dripped into 
the organic layer at 55 - 60*^0 and the whole then cooled to 0 - 5°C, stirred at this 
temperature for one hour and filtered. 

The crystals obtained were rinsed with a mixture of toluene (40 g) and heptane 
(3 1 g) (at about 0 - 5°C) and dried under reduced pressure at SO^'C to give crude yellow 
mirtazapine, (3 1 .7 g, 84.6% yield). The purity by high speed liquid chromatography 
(henceforth 'the HPLC purity' ) was 97.5%. 
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Implementation Example 1 

Crude mirtazapine (HPLC purity 98.4%, 76 g) was dissolved in ethanol (186 g) 
at 60°C, treated with water (228 g) and decolourising charcoal (760 mg), and maintained 
at 70 - 75°C for 30 min. This liquid was filtered, the decolourising charcoal washed 
with ethanol ( 6.2 g) and the filtrate and washings cooled 20 - 30°C. 

Next, water (714 g) was added dropwise during 30 min., followed by cooling to 0 
- 5°C, the crystals filtered off and washed with a mixture (at ca. 0 - 5*^0) of ethanol (15 
g) and water (80 g). . These crystals were then dried at 70°C and crystalline mirtazapine 
hydrate (77.05 g) obtained. The properties of the crystalline mirtazapine hydrate 
obtained were as below. 

( 1 ) water content: 2.3% by weight; 

(2) HPLC purity: 99.6% 

(3) m.p.: 121 -123°C 

(4) infi-a -red absorption spectrum: as shown in Fig. 1 . 

Implementation Example 2 

Mirtazapine hydrate as obtained in Implementation Example 1 (71 g) was 
dissolved in tert-butyl methyl ether (356 g) at 50°C and dried azeotropically, with the 
distillation of tert-butyl methyl ether (255.3 g). 

This solution was cooled to 0 - 5°C, allowed to mature for 30 min. and filtered. 
The crystals obtained were rinsed with tert-butyl methyl ether (at ca. 0 - 5°C, 52 g) and 
dried to give white crystals of mirtazapine (52 g), the HPLC purity of which was 99.9%. 

Implementation Example 3 

Mirtazapine hydrate as obtained in Implementation Example 1 (5 g) was 
preliminarily dried under reduced pressure at 55°C for 2 hours. The water content was 
2.6% by weight. 

Next, this preliminarily dried mirtazapine hydrate was crushed in a mortar and a 
powder obtained v^th average particle diameter 20.97^m, (measurements: Brand Name 
SALD 1 100, medium: water, dispersant: Triton X - 100 (Rohm and Haas; 
measurements below were carried out in the same manner). 

When this powder was dried at a reduced pressure of 1333 Pa at 90°C for 6 hours, 
the water content became 0.4% by weight. The average particle diameter of the powder 
obtained fi-om this drying was examined and found to be 41 .2 \xm. 

Implementation Example 4 

Mirtazapine hydrate as obtained in Implementation Example 1 (5 g) was 
preliminarily dried under reduced pressure at 55°C for 2 hours. The water content was 
2.8% by weight. 

Next, this preliminarily dried mirtazapine hydrate was crushed in a mortar and a 
powder obtained with average particle diameter 52.87 jim. 

When this powder was dried at a reduced pressure of 1333 Pa at 90°C for 10 
hours, the water content became 0.25% by weight. The average particle diameter of the 
powder obtained fi-om this drying was examined and found to be 1 10.4 ^un. 



Implementation Example 5 

Mirtazapine hydrate as obtained in Implementation Example 1 (5 g) was 
preliminarily dried under reduced pressure at SS^'C for 2 hours. The water content was 
2.7% by weight. 

Next, this preliminarily dried mirtazapine hydrate was crushed in a mortar and a 
powder obtained with average particle diameter 47.7 ^m. 

When this powder was dried at a reduced pressure of 1333 Pa at 90°C for 4 hours, 
the water content became 0.4 % by weight, and with further drying for 3 hours, the 
water content became 0.27 % by weight. The average particle diameter of the powder 
obtained from that drying was examined and found to be 1 10.4 ^m. 

Comparative Example 1 

Crude mirtazapine (HPLC purity 98.4%, 10 g) was dissolved in toluene (13 g) by 
heating at 75°C, decolourising charcoal (500 mg) was added, (the mixture) filtered and 
cooled to 0 - 5°C, and crystals allowed to separate out. The crystals were filtered, 
collected and dried to give mirtazapine (8.1 g). They were pale yellow, and contained a 
material which is insoluble in methanol. This mirtazapine was of 98.8% HPLC purity. 

Comparative Example 2 

Crude mirtazapine (HPLC purity 98.4%, 10 g) was dissolveddn tert-butyl methyl 
ether (13 g) by heating at 55°C, decolourising charcoal (500 mg) was added, (the 
mixture) filtered and cooled to 0 - 5°C, and crystals allowed to separate out. 

The crystals were filtered and on drying, gave mirtazapine (8.6 g)., This was 
pale yellow, and contained a material which is insoluble in methanol. This mirtazapine 
was of 98.2% HPLC purity. 

(Patent p., 11, computer doc p. 13) 

Production Example 1 

l-(3-Hydroxymethylpyridyl-2-yl)-2-phenyl-4-methylpiperazine (1396.8 g), 
prepared according to the method of USP 4,062,848, was added portionwise under 
nitrogen, while stirring at 0 - 30°, to a reactor charged v^th purified concentrated 
sulphuric acid (5027.9 g). After the addition the intemal reactor temperature was kept at 
30-40°Cfor8hours. 

The results of HPLC analysis of the material obtained indicate that 98.1% 
mirtazapine had been formed in the reaction mixture. 

Water (8660 g) was dropped into this mixture at 0 - 5°C, and further water (1397 
g) was added. Afler this, a solution of sodium hydroxide (3143 g) in water (9428 g) was 
added at below 30°C, the pH being adjusted to 1 - 2. This mixture was then decolourised 
at 20 - 30®C by adding decolourising charcoal (67 g), filtered, the decolourising charcoal 
washed with water (1 330 g). The filtrate was treated and washed with toluene ( 2095 g), 
the toluene layer separated and the aqueous layer treated with toluene (2095 g), a solution 
of sodium hydroxide (936 g) in water (2810 g) was dripped in at below 50°C, rendering 
the pH more than 8. The layers were separated and the organic layer collected. 

To this organic layer, at 50 - 60°C heptane (2095 mL) was then added, when 
crystals separated. The temperature was brought to 0 - 5''C and maintained thus for 1 



hour. After filtration, the crystals were rinsed with a mixture of toluene (1600 mL) and 
heptane (1600 mL) cooled to 0 - 5°C, to give crude mirtazapine (1 1 1 1.8 g) (absorbance 
at wavelength 600 nm: 2.4154 and transmittance at 400 nm: 0.01 %; colour difference 
index b value: 22.0). 

The yield of crude mirtazapine obtained was 85% and its HPLC purity, 99.0%. 

Implementation Example 6 

Crude mirtazapine as obtained in Production Example 1 (120 g) was dissolved in 
methanol (360 ml), decolourised by adding decolourising charcoal (1.2 g), filtered and 
the decolourising charcoal washed with methanol (12 mL). After this, at 20-30°Cand 
with stirring, deionised water (1116 mL) was dripped in and the temperature maintained 
for 1 hour. 

This solution was then cooled to 0 - 5°C during one hour. After filtration, the 
crystals were rinsed with a mixture, cooled to 0 - 5*^C, of methanol (43.2 mL) and 
deionised water (129.6 mL). The crystals were dried at 60°C to give mirtazapine 
hemihydrate<121.25 g, 97.7% yield). 

Implementation Example 7 

The crystalline mirtazapine hemihydrate obtained in Implementation Example 6 
was dried under a reduced pressure of 1330 - 1862 Pa at 90 - 95^C. As measured by the 
Karl-Fischer method, the water content of the anhydrous mirtazapine obtained was 0.1 % 
by weight. Further the m.p. was 114-1 16°C. 

Comparative Example 3 

Crude mirtazapine as obtained in Production Example 1 was recrystallised 
according to the method cited in USP 4,062, 848. That is, the crude mirtazapine obtained 
as in Production Example 1 (20 g) was dissolved with heating in t-butyl methyl ether 
(140 ml), decolourising charcoal (0.2 g) and celite (0.2 g) were added, the decolouriser 
filtered off and the filtrate concentrated to a weight of 41.2 g. This was treated with t- 
butyl methyl ether (5.4 g), cooled to 3°C and crystallised. Subsequent filtration and 
drying at 50°C gave crystalline mirtazapine (16.5 g). 

This crystalline material (10 g) was next dissolved in petroleum ether (40 - 60°C, 
200 ml) with heating, cooled to 0 - 5°C and crystalline mirtazapine (4 g) obtained. The 
crystalline mirtazapine obtained was dried at 1330 - 1995 Pa reduced pressure at 900 - 
95°C. As measured by the Karl-Fischer method, the water content of the anhydrous 
mirtazapine obtained was 0.1 % by weight. 

Next, the crystals obtained in Implementation Example 7 and in Comparative 
Example 3 were introduced into dishes (Ger: Schale) in a constant temperature room at 
25°C and under 75% humidity and the variation in the amount of water absorbed was 
examined. The results a re shown in Fig. 2. The amount of water absorbed was 
calculated by the formula: 
Amount of water absorbed (weight %) 

== [weight of crystals after absorption (g) - weight of crystals before absorption (g) ] 
[weight of crystals before absorption (g) ] x lOO. 



From the results shown in Fig. 2 the absorption of water by the anhydrous mirtazapine 
crystals of Implementation Example 7 after 500 hours is exceptionally low vis a vis the 
anhydrous mirtazapine crystals of Comparative Example 3, the low hygroscopicity being 
thus seen to be remarkably superior. 

Implementation Example 8 
Crude mirtazapine (HPLC purity: 99.0%, 1 195.46 g) was dissolved in methanol (4728 g) 
at 0 - 5°C, this treated v^th decolourising charcoal (12g) and stirred at 5°C for 15 min. 
After this mixture was filtered at 0 - 5*'C, ion-exchanged water (4065 g) was run into the 
filtrate and seeding crystal (100 mg) added. At 0 - lO'^C, ion-exchanged water (9707 g) 
was dripped in causing crystallisation. After stirring for 1 hour at 0 - 5''C and filtration, 
the crystals were washed with a mixture of methanol (34 g) and ion-exchanged water 
(1291 g), (temperature of liquid: 5°C). Drying under reduced pressure (4 - 5.3 kPA) at 
50 - 60*'C proceeded until the moisture content was below 3.5 weight %. The material 
was crushed with a handmill to obtain mirtazapine hydrate crystals of average particle 
diameter 20^m.The X-ray diffraction of mirtazapine hydrate before crushing was 
examined. The results are shown in Table 3. The conditions of measurement of the X- 
ray diffraction is shown below. 



[X-ray diffraction conditions] 

1. Measuring device: Rigaku Electrical A7RV 

2. Irradiation X-ray CuKaline 

3 . Accelerator voltage 3 0 kV 

4. Accelerator current 15 mA 



Based on the X-ray diffraction results the crystal parameters were calculated. The results 
follow below: 



1. Crystal type monoclinic 

2. Brave lattice Primitive 

3 . Space group (P2 1 / a) 

4. Z value 4 

5. Lattice parameters 
a = 9.006(1) A 

b = 17.309 (2) A 
c = 9.801 (1)A 
p = 106.07 (l)deg. 
V= 1468.1 (4) A^ 

The method of least squares was used with these results as basis to effect precision. 
Atomic coordinates, isotropy temperature factors, (Beq) and occupancy ratios (occ), 
anisotropy temperature factors, interatomic (connective) distances and connective angles 
together with rotation angles were sought. 

Atomic coordinates, isotropy temperature factors and occupancy ratio are shown 
in Table 1, anisotropy temperature factors in Table 2, interatomic (connective) 
distances in Table 3, connective angles m Table 4 and rotation angles in Table 5. 
(p. 16) Table 1 
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Interatomic Distances 
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Interatomic Connective Angles 
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Interatomic Rotation Angles 
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Based on the above results, the molecular structure of mirtazapine hydrate as 
obtained in Implementation Example 8 is shown in Fig. 4. 

Further, for mirtazapine hydrate as obtained in Implementation Example 8, the 
crystal structures along the a, b and c axes are shown in Figs. 5, 6 and 7 respectively. 

In each drawing, the hydrogen atoms have been computed geometrically. Also, 
the positions of the hydrogen atoms of water molecules could not be determined from the 
electron densities. 

From the above resuhs, the space group of mirtazapine hydrate as obtained in 
Implementation Example 8 is P2i / a; it has a centre of synunetry and thus racemic forms 
exist. 

Further, the positions of the oxygen atoms of the water molecules were 
determined from the electron density distribution. When examining the electron 
distribution, there was understood to be two locations of high probability near the centre 
of symmetry. This distance is 1 .75A, and considering the comparison vsdth the van der 
Waals radius of the oxygen atom of 1 .4A, it is difficult to think of two oxygen atoms 
vdthin a distance of 1.75A. Consequently, as the water molecules' oxygen atoms do not 
exist simultaneously at these two sites, it is presimied that they occupy these sites in a 
(probably temporally) disordered manner. 

Accordingly, hypothesising that the oxygen atoms exist at the two sites, the 
occupancy ratio was changed and rendered more precise as a parameter. The result 
converged on an occupancy ratio in the vicinity of 0.5. 



It is thus thought that one oxygen atom of the water molecule exists in two sites in 
a disordered state. Finally, fixing the occupancy ratio at 0.5, the other parameters were 
refined. 

Further, with the water molecules' occupancy ratio being 0.5, the ratio of 
mirtazapine and water molecules in the crystal becomes 2:1. 

Also, in the crystal, hydrogen bonds between the mirtazapine nitrogen atoms and 
the water molecules' oxygen atoms can be formed ( bonds shown as dashed lines in the 
Figure). These bond dissssstances are as shown below. O (1) . is an atom moved by a 
symmetry operation. 

N(l) 0(1) : 2.752 (7) A 

N(l) 0(1).: 2.968 (7) A 

hnplementation Example 9 

When mirtazapine hydrate obtained in Implementation Example 8 was dried for 
1 7 hours in surroundings at 50 - eO'^C, its water content became 2.2%. Furthermore, 
when it was heated in surroundings at 85 - 95°C for 23 hours, anhydrous mirtazapine 
crystals with a water content of 0.58% was obtained (average particle diameter: 1 1 8 ^m). 

Next, these anhydrous mirtazapine crystals were crushed, and crystals with an 
average diameter of 59|xm obtained. A photomicrograph (x 200) of the crystals obtained 
is shown in Fig. 9. 

Next, when the crystals obtained were in surroundings of 85 - 95°C for 6 hours, 
the water content became 0.14%; on fiirther heating them at 95 - 105°C for 7 hours, the 
water content became 0.05%. The average particle diameter of this anhydrous 
mirtazapine was 130 jxm. A photomicrograph (x 200) of the crystals obtained is shown 
in Fig. 10. 

From the above results it is seen that crushed anhydrous mirtazapine crystals grow 
as they are dried. 

Implementation Example 10 

When mirtazapine hydrate as obtained in Implementation Example 8 was dried 
under a reduced pressure of 600 - 1333 Pa at 85 - 105°C, the water content 6 hours after 
starting the drying was 0.46% by weight and after 10 hours, 0.3%, when 999.5 g of 
anhydrous mirtazapine were obtained. The properties of the crystalline mirtazapine 
obtained were as below: 

(1) Water content: 0.3% by weight; 

(2) HPLC purity: 99.8%; 

(3) X-ray powder diffraction: (Rigaku Electrical miniflex, CuKa line, 

30 kV, 15 mV): The results are shown in Fig. 8. 

Implementation Example 1 1 

Crude mirtazapine (84kg, HPLC purity 98.8%) was dissolved under a nitrogen 
atmosphere in methanol (332 kg) by stirring at 2 - 4°C for 35 min. Decolourising 
charcoal (1 kg) was added and stirring maintained at 2 - 4*'C for 30 min. After filtration 



at 0 - 2°C, deionised water (285 kg) was introduced into the filtrate during 30 min. and 
seeding crystals (80 g) were added. At 5 - TC deionised water (682 kg) was dripped in, 
caxising crystallisation. After being stirred for 65 min. at 1 - 5°C, the crystals were 
filtered off and rinsed with a mixture (whose temperature was 0 - 5°C) of methanol (24 
kg) and deionised water (90.8 kg). As a result, damp crystals (93.3 kg) were obtained. 
Their dry weight was 80.5 kg. 

The damp crystals (87 kg) were added xmder a nitrogen atmosphere to methanol 
(297.1 kg), stirred at 2.8°C, further methanol (24 kg) was added, stirred to dissolution, 
decolourising charcoal (1 kg) was added, followed by stirring at 3.3'*C for 15 min. After 
filtration at 3.4°C, deionised water (255 kg) was dripped into the filtrate during 45 min. 
and seeding crystals (80 g) added. At 5 - 7.8°C, deionised water (666 kg) was dripped 
in over 75 min. After stirring at 2.6 - 5''C for 40 min. and filtration, the crystals 
obtained were rinsed with a mixture (at 2.6°C) of methanol (21.6 kg) and deionised water 
(81.2 kg) and damp crystals (83.9 kg) obtained. When dried under a reduced pressure of 
266 - 533 Pa at 60 - 95°C, for 7 hours, 52.5 g of anhydrous mirtazapine were obtained. 
The purity of this crystalline anhydrous mirtazapine was 99.997%. The average particle 
diameter of the obtained crystals was 25.5 ^un, the bulk density was 0.27 g / mL mobile 
and 0.51 g / mL, static. Also, absorbance at wavelength 600 nm was 0.0048 and 
transmittance at 400 nm: 98.84%; the colour difference index b value was 2.42. 

Possibilities for Industrial Use 

The result we present is, according to the production method of this invention, a 
hardly hygroscopic, stable, anhydrous crystalline mirtazapine which can be produced by 
a simple industrial process. 

Furthermore, because of the superior non-hygroscopicity of the crystalline 
anhydrous mirtazapine of this invention, it will be ideally applicable, for example, as an 
antidepressant. 



Range of Claims 

1. Anhydrous mirtazapine crystals of low hygroscopicity, absorbing 0.6% or less by 
weight of moisture when kept at 25°C and atmospheric pressure in an atmosphere of 75% 
relative humidity for 500 hours. 

2. Anhydrous mirtazapine crystals as in Claim 1 above, containing 0.5% by weight or 
less of water. 

3. A method for the production of anhydrous mirtazapine crystals which absorb 0.6% or 
less by weight of moisture when kept at 25°C and atmospheric pressure in an atmosphere 
of 75% relative humidity for 500 hours, a special feature of which method being to dry 
the crystals of mirtazapine hydrate. 



4. A method for the production of anhydrous mirtazapine crystals as in Claim 3 above, in 
which the drying is done after pulverising the crystals of mirtazapine hydrate. 



5. A method for the production of anhydrous mirtazapine crytals as in Claim 3 above, as 
these are shown in formula (I) (in which n represents an integer 1-5). 




(I) 



6. A method for the production of anhydrous mirtazapine crystals as in Claim 3 above, 
in which crystals of mirtazapine hydrate are dried by heating under reduced pressure. 



7. Crystals of mirtazapine hydrate shown in formula (1) (in which n represents an 
integer 1 - 5). 




8. A method for the production of crystalline mirtazapine hydrate the special feature of 
which is the crystallisation of crude mirtazapine using water-soluble polar organic 
solvents and water. 

9. A method for the production of crystalline mirtazapine hydrate as in Claim 8 above, 
in which crude mirtazapine is crystallised from mixed solvents comprising water-soluble 
polar organic solvents and water. 



10. A method for the production of crystalline mirtazapine hydrate as in Claim 8 above, 
in which crude mirtazapine is dissolved in a water-soluble polar organic solvent, after 
which water is added. 

11. A method for the production of crystalline mirtazapine hydrate as in Claim 10 above 
in which the temperature of the solution of crude mirtazapine in a water-soluble polar 
organic solvent s adjusted to 0 - 30*^C. 
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